Abstract Nasopharyngeal carcinoma (NPC) accounts for less than 1 % of all paediatric cancers. Advances in imaging, radiation delivery, chemotherapy and improvement in multidisciplinary care have resulted in drastic changes in the outcome of this disease. Since NPC is extremely rare in paediatric population and there is paucity of data in Indian patients, we conducted the present study to analyze the outcome of paediatric NPC. Eighteen patients aged 18 years or less, who had pathologically proven diagnosis of NPC and had received treatment at our institute from 2003 to 2010 was included for analysis. These patients were treated with radiotherapy and chemotherapy. Event free survival, local and systemic relapse and progression were analysed. These outcomes were correlated with age, radiation dose and the stage of disease. Majority of patients presented with advanced stage and poor histological grade (94.4 % had WHO Type III disease). The median follow up was 38 months (range 3-91 months). The estimated event free survival at a follow up of 5 years was 64.28 %. Distant metastasis at presentation and lower radiation dose were predictive of poor outcome. Paediatric NPC usually presents in an advanced stage. Our results are comparable to studies which have used only chemoradiotherapy, are far inferior to studies which have used chemoradiotherapy and adjuvant immunotherapy. Larger prospective studies are required to define the role of adjuvant immunotherapy, the optimum dose and schedule of chemoradiotherapy and role of new agents like cetuximab in Indian paediatric patients.
Introduction
Nasopharyngeal carcinoma (NPC) is a common cancer of head and neck region in adults. It is endemic in South East Asian countries. Paediatric NPC is different from its adult counterpart. The occurrence of this tumor in children is very rare; only about 3 % of all NPC occur in patients younger than 18 years [1] . Paediatric NPC is biologically more aggressive (WHO grade III) and most often presents as an advanced locoregional disease. Treatment of paediatric NPC has seen a huge wave of change: initially in the early 1990 irradiation alone was considered curative [2] , combination of chemotherapy and radiotherapy became the standard of care in the late 1990 and since the dawn of the new millennium chemo-radiotherapy followed by adjuvant immunotherapy using beta interferon has become the benchmark treatment [3, 4] .
Since NPC is extremely rare in paediatric population and there is paucity of data in Indian patients, we conducted the present retrospective study to analyze the demographic profile, clinical features and outcome of paediatric NPC treated with chemotherapy and radiotherapy.
Materials and Methods
One thousand one hundred and twenty five patients were diagnosed to have NPC during 2003-2010 at our institute. Amongst these patients we identified 18 patients aged 18 years or less and were included in this study. Patients who received treatment with palliative intent which included three patients with metastatic disease and one with locally advanced disease having poor performance status were reviewed for demographic profile but were excluded from survival analysis. The case records of these 18 patients were analysed in detail for demographic profile, clinical features, imaging, treatment and the outcome.
The diagnosis was established on the basis of histopathological examination and immunohistochemistry (IHC). IHC was done to differentiate NPC from other common tumors like lymphoma and rhabdomyosarcoma. Local extent of disease was evaluated by clinical and radiographic studies (CT or MRI). Metastatic work up included bone scan, bone marrow examination, chest X-ray and abdominal ultrasound.
The patients were staged according to the TNM staging system and the WHO criteria were used for grading. Chemotherapy was given in the neoadjuvant or adjuvant setting. The regimen consisted 3 cycles of cisplatin 100 mg/m 2 on day 1 and 5-fluorouracil 1,000 mg/m 2 per day from day 2 to 5 day every 21 days. Patients with metastatic disease received three cycles of chemotherapy upfront, followed by radiotherapy. Patients with non metastatic disease received radiotherapy followed by three cycles of adjuvant chemotherapy. (Tables 1, 2) .
Radiotherapy was given using conventional technique every 5 days a week. The patients were followed up every 3 monthly for 3 years and 6 monthly thereafter. Progression was defined as appearance of new lesion or increase in size of the primary lesion. Relapse and progression were considered as events. The outcome was correlated with age (less than or more than 14 years), radiation dose (less than or more than 66 Gy) and the stage of disease. The event free survival (EFS) was evaluated using the Kaplan-Meier curve (SPSS 19-SPSS Inc., USA).
Results
This retrospective study included 18 paediatric NPC patients treated at our institution, which formed 1.6 % of all nasopharyngeal cancers. The characteristics of patients are described in table I and II. The median age at presentation was 15.3 years (range 11-18 years).The male: female ratio was 3.5:1. The most common presenting symptom was neck swelling followed by nasal obstruction and epistaxis. 4 patients were wrongly diagnosed as cervical tuberculosis and had received ATT prior to admission at our centre.
Most of the patients (72.2 %) had stage IV disease at presentation. 6 patients (33 %) presented with metastasis. Bone was the commonest site of metastasis. All except one patient had WHO Type III histology. Six patients received induction chemotherapy followed by radiotherapy and others received radiotherapy followed by adjuvant chemotherapy. The mean dose of radiation given was 70.5 Gy (46-86 Gy) administered as 1.8-2 Gy daily fraction 5 days a week. Mucositis and myelosuppression were the most common complications, observed in 12 patients each. Nephrotoxicity was observed in one patient. The estimated event free survival (EFS) at a follow up of 5 years was 64.28 % (Fig. 1) . A total of 5 events (progression of disease in three and relapse in two patients) occurred in as many patients. Of the 2 patients having a relapse, one had local recurrence and one had distant skeletal metastases. Metastatic disease at presentation was a significant poor prognostic marker (p \ 0.001). (Fig. 2 ) Age did not have significant impact on outcome (p = 0.9). Higher radiation dose also significantly correlated with better outcome (p = 0.007), only one out of 5 patients who had received a radiation dose of \66 Gy were in clinical and radiologic remission at their last follow, while eight out of nine with higher RT dose were in remission.
Discussion
At our institute, paediatric NPC accounted for 1.6 % of all NPC. The most common histological variant was the undifferentiated carcinoma (WHO Type III). The incidence of distant metastasis at presentation, which was 33 % in our series, is similar to world series [5] . All recurrences/ relapse were noted within 3 year of diagnosis, this was also comparable to the global data [6] .
In a study conducted by paediatric oncology group, which used induction chemotherapy followed by radiotherapy the 4 year EFS was 77 %. [7] Ozyar et al. [8] had reported EFS of 68 % at 5 years in a Rare Cancer Network study involving 8 different countries. In our study the EFS was 62 %, which is shown in figure. In our study metastatic disease had significantly poor prognostic outcome (p \ 0.001). This finding was similar to other studies [9] [10] [11] [12] . Significant survival advantage was seen in patients receiving higher total radiotherapy dose ([66 Gy), which was similar to other studies [13, 14] . Higher dose of radiotherapy was also associated with increased treatment related toxicity. The common acute toxicities were mucositis, xerostomia and myelosuppression.
The major limitations of our study are the small number of patients, a short follow up, lack of use of concomitant chemo radiotherapy, lack of use of intensity modulated radiotherapy (IMRT) and immunotherapy with interferonbeta after chemotherapy and radiotherapy. Improved outcome and reduced toxicity could have been achieved by use of IMRT which provides superior target coverage and spares the normal tissue [15] . Immunotherapy as per NPC-91-GPOH protocol (Society of Paediatric Oncology and Haematology) which is considered as the standard of care for NPC and achieves very high survival rates, was not used in our study due to financial constraints. We used induction or adjuvant chemotherapy in our study, present studies have shown that concomitant use of chemotherapy with radiotherapy improves overall survival and reduces recurrence [16] . 
Conclusion
Paediatric NPC usually presents in an advanced stage. A larger prospective studies are required to define the role of adjuvant immunotherapy, optimum dose and schedule of chemotherapy and radiotherapy in pediatric patients and their late toxicities. The role of new agents like gemcitabine, cetuximab in this age group in relapse setting needs to be explored.
